A 1.3 kb satellite DNA from a size defined genomic library of mammal Bubalus bubalis was cloned and sequenced. The clone pSB1 is AT rich with 447 A (33.6%), 262 C (19.7%), 240 G (19.0%) and 383 T (28.8%). There were about 1400 copies of contig in the bubaline genome but it did not uncover allele length variation when used as probe in conjunction with a number of restriction enzymes. The contig pSB1 is not conserved evolutionarily and cross hybridizes only with the Bovideae family. A set of primers from 5Ј (nt 422 to 441) and 3Ј (nt 962 to 947) deduced from the clone used for PCR amplification with four members of the Bovideae family gave the expected 530 bp band of equal intensity indicating a similar number of copies in all the four species namely Bos indicus, Capra hircus, Ovis aries and Bubalus bubalis. Expression studies with pSB1 following slot-blot hybridization with total RNA isolated from ovary, testes, kidney, lung and spleen revealed varying signal intensities in all the tissues with a most prominent signal in spleen but a faint one in ovary. Further sequence analysis revealed the presence of several eukaryotic transcriptional elements such as NF-E1, Poly-A signal, lariat consensus sequences, and CTF/NF1 binding sites. Blast search showed 90% sequence similarity with the reverse transcriptase gene of Bos taurus and sequences from nt 283 to 636 within the contig showed highly conserved reverse transcriptase like signatures along with N-glycosylation and protein kinase C phosphorylation sites. From the data we conclude that the pSB1 representing satellite DNA is associated with transcribing sequences. The prospect of identifying functional genes linked with the satellite fraction in higher vertebrates is discussed.
Introduction
The bubaline Bubalus bubalis is an important species in Asia, Egypt and Southeast Europe. Owing to its importance in milk and meat industry, attention has been focused to improve the genetic potential of this animal. A number of breeds on the basis of physical and physiological attributes have been reported and few of them are well known for their good milk, disease resistance and lower fodder requirement but genetic information on them is lacking. Absence of such information and indiscriminate slaughter of buffaloes not only reduces the number of elite animals but also obliterates the uncharacterized breeds with possible untapped genetic potential (Mary and Ali, 1997) . In earlier attempts, RFLP studies on mitochondrial DNA (Tanaka et al., 1995) and genetic variability at the MHC loci (Wenink et al., 1998) have 0939Ð5075/2004/1100Ð0874 $ 06 .00 " 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D been conducted. More recent approach of DNA profiling particularly with the use of synthetic oligonucleotide probes specific to minisatellite regions (Ali and Epplen, 1991) has facilitated the analysis of bubaline genome. Other synthetic probes have been attractive candidates for analyzing a number of vertebrate genomes including humans (Epplen, 1988) , their use does not reveal the transcriptionally active sequences associated with satellite DNA. Information on the satellite DNA linked with transcriptionally active sequences or a functional gene would be critical in deciphering the biological significance of repetitive DNA in higher eukaryotes in addition to in-depth characterization of this species. Keeping this in mind, a recombinant representing satellite DNA isolated from a size-defined genomic library was characterized and the biological significance of the same was highlighted.
Materials and Methods

Samples
Blood samples from five different breeds i.e., Mehsana, Murrah, Surti, Toda and a non-descript breed from Assam were collected and DNA was isolated according to standard protocols (Kunkel et al., 1977) .
Construction of size-defined genomic library
Pooled genomic DNA (10 µg) representing 2 µg from each breed of Bubalus bubalis was digested with MbOI enzyme following supplier's specifications, resolved on 0.8% agarose gel and fragments in the range of 1Ð5 kb were excised from the gel. The purified DNA was cloned in pGEM-7Zf(+) after Ali et al. (1999) . A total of 40 recombinant clones was obtained after initial screening. Insert size was estimated following symmetrical PCR using universal reverse and forward primers. Amplified products were resolved on 1% agarose gel, transferred onto a nylon membrane, UV fixed and hybridized with a random labelled bubaline genomic probe followed by autoradiography using standard protocols (Ali et al., 1999) . Blot was semi dried and cross-linked with UV using StratalinkerÐ1800 (Stratagene, San Diego, CA, USA). Zoo-blot hybridization was conducted following standard protocols (Ali et al., 1999) .
Zoo-blot hybridization
Sequencing of pSB1 and its analysis
pSB1 was fully sequenced using a sequenase kit (Amersham, version 2.0) employing Sanger's dideoxy chain termination method (Sanger et al., 1977) and the sequence was deposited in GenBank, accession No. Af-119573. Sequence analysis for the presence of short-tandem repeat motifs, restriction sites, ORF, possible coding potential and presence of eukaryotic transcriptional elements was conducted using the Gene Runner Program (Hastings Software, Los Angeles, USA) and DNAsis software (LKB/Pharmacia, Sweden). Homology search was conducted using Blast search (http://www.ncbi.nlm.nih.gov, NIH, Bethesda, Maryland, USA).
PCR amplification for the assessment of organizational variation of pSB1 in related bovids
A set of primers from 5Ј (nt 422Ð441), 20-mer (5Ј GTCATCATAAGAAACGCTGG 3Ј) and 3Ј (nt 962Ð947), 18-mer (3Ј TGCTATGGGTCTTG-TGGC 5Ј), respectively, was deduced from the contig. Symmetrical PCR was conducted with genomic DNA from four different breeds of buffaloes, namely Mehsana, Murrah, Surti, Toda, cattles goat and sheep. The reaction was carried out in a 25 µl volume containing approx. 25 ng of genomic DNA as template, 20 pmol of primer, 0.25 units of Taq DNA polymerase (Bangalore Genei, Bangalore, India), 2.5 mm MgCl 2 , 200 µm of each dNTP, 50 mm KCl, 20 mm Tris [Tris(hydroxymethyl)-aminomethane]-HCl (pH 8.3) and 0.1% Triton X-100 and an equal volume of mineral oil on a Thermal Cycler (Perkin Elmer, Cetus). The reaction mixture was first heat-denatured at 96 ∞C for 5 min, and amplified for 35 cycles comprising subsequent steps of denaturation at 96 ∞C for 45 s, annealing at 58 ∞C for 45 s and extension of the primer at 72 ∞C for 45 s. Final extension was carried out at 72 ∞C for 5 min. 15 µl of the amplified products were resolved on 1Ð5% agarose gel, stained with ethidium bromide and photographed under UV light.
RNA isolation and hybridization of contig with total RNA slot-blot.
For total RNA isolation, tissue samples of kidney, spleen, testis, ovary and lung were obtained in liquid nitrogen from the local slaughter house and total RNA was isolated using the Tri-X reagent (Molecular Research Center, Cincinnati, Ohio) according to manufacturer's specifications. Approx. 5 µg total RNA were spotted onto the nylon membrane and fixed under UV light for 10 min. The blot was hybridized with (ϱP32) dCTP labelled pSB1 clone and autoradiography was carried out after Ali et al., (1999) . A -actin cloned probe was used as control.
Northern blot analysis
Approx. 10 µg of total RNA isolated from the above mentioned tissues were electrophoretically separated on 1% agarose gel following standard procedures and transferred onto a nylon membrane and hybridized with the pSB1 labelled probe.
cDNA synthesis and reverse transcriptase polymerase chain reaction
For the assessment of transcription, RT-PCR was conducted for the first strand of cDNA of total RNA from spleen, lung, testis, ovary and kidney; the Superscript preamplification system (GIBCO-BRL, Bangalore, India) was used according to supplier's specifications. RT-PCR amplicons were resolved on 1.5% agarose gel, transferred, UV fixed, hybridized and autoradiographed. For positive control -actin primers were used.
Results
Zoo-blot hybridization showed that pSB1 hybridizes with buffalo, cattle, goat and sheep genomic DNA giving rise to almost equal signal intensity indicating that the same is present in equal copy number in these species. However, other non-bovid species failed to show signals even after a 10-fold prolonged exposure indicating that the sequences are not conserved evolutionarily. Following standard approach (Ray et al., 1999) , bubaline genome was found to contain approx. 1400 copies of 1.3 kb contig.
The pSB1 contig is AT rich with 447 A (33.56%), 262 C (19.67%), 240 G (19.02%) and 383 T (28.75%). The search for repeat motifs showed presence of 2Ð10 mers repeats with a majority of 5 mers but none was present consecutively. Further the contig showed 6 ORFs, of which the longest one consisted of 83 amino acids rang- ing from nt 655 to nt 906, followed by a frame of 72 amino acids from nt 1116 to nt 1331. Unlike these two, another coding stretch consisted of a start codon at nt 1116 but it lacked a stop codon. This may be due to the fact that contig seems to be a part of functional gene. The schematic representation of the pSB1 with respect to major ORFs and reverse transcriptase like signature sequences is given in Fig. 1 .
Blast search showed maximum sequence (90%) homology (Fig. 2B ) of a part of contig with the reverse transcriptase gene bovine Bos taurus and placental lactogen precursor (PL) gene of ovine Ovis aries. Further, as shown in Fig. 2A , translation of nucleotides into protein sequence revealed the highly conserved signatures of reverse transcriptase gene (Hattori et al., 1986; Michel and Lang, 1985; Minghetti and Dugaiczyk, 1993) .
Primers deduced from the contig were used for genomic amplification of the samples from four buffalo breeds (Fig. 3A) , along with related species such as cow, goat and sheep (Fig. 3B) . They revealed similar signal intensity suggesting that the copy number in all the species is same. The clone did not uncover allele length variation when used as a probe for DNA typing with a number of restriction enzymes such as Alu1, BamH1, Rsa1 and Bgl1 indicating that this contig is probably uniformly organized in bovid genomes.
The cloned pSB1 probe hybridized with bubaline derived total RNA revealed signals in most of the tissues with varying intensity but the reason for this variation was due to different amounts of RNA slotted on the blot as confirmed by theactin probe (Fig. 4A and 4B ). The transcriptional status of pSB1 was further confirmed by RT-PCR using cDNA from somatic as well as germline tissues. RT-PCR generated amplicons were hybridized with the pSB1 probe and with the -actin probe (control) revealed two different bands, one at 520 bp and another at 480 bp (Fig. 4C ). This pSB1 LLILLFRVIIRNAGLEEEQAGIKIARRNINNLRDADDTTLMAESEEKLKSLCSVNKRRVK B-RT LFNLYAEYIMRRAGLEETQAGIKIAGRNINNLRYADDTTLMAESKEELKSLLMKVKEESE B-RT GAGAAACCTGTATACAGGTCAGGAAGCAACAGTTAGAACTGGACATG O-PL GAGAAATCTGTATACAGGTCAGGAAGCAACAGTTAGAACTGGACATG pSB1 GAGAAACCTGTATACAGGTCAGGAAGCAACAGTTAGAACTAGACATG * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * B-RT GAACAACAGACTGGTTCGAAATAGGAAAAGGAGTAT-GTCAAGGCTGTATATTGTCACCC O-PL GAACAACAGACTGGTTCCAAATAGGAAAAGGAGTGC-ATCAAGGCTGTATATTGTCATCC pSB1 GAACAACAGACTGGTTCTAAATAGGAAA-GGAGTACCGTCAAGGCTGTC-ATTGGCACCC * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * B-RT TGTTTATTTAACTTATATGCAGAGTACATCATGAGAAGAGCTGGACTGGAAGAAACACAA O-PL TGCTTATTTAACTTATATGCAGAGTACATCATGAGAAACGCTGGACTGGAAGAAACACAA pSB1 TGCTTATTTAACTTCTATTCAGAGT-CATCATAAGAAACGCTGGGCTGGAAGAAAGACAA * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * B-RT GCCGGAATCAAGATTGCCGGGAGAAATATCAATAACCTCAGATATGCAGATGACACCACC O-PL GCTGGAATCAAGATTGCCGGGAGAAATATCAACAACCTCAGATATGCAGATGACACCACC pSB1 GCCGGAATCAAGATTGCCAGGAGAAATATCAATAACCTCAGAGATGCAGATGACACCACC * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * B-RT CTTATGGCAGAAAGTAAAGAGGAACTAAAAAGCCTCTTGA-TG-AAAGTGAAAGAGGAGA O-PL CTTATGGCAGAAAGTGAAGAGGAGCTAAAAAGCCTCTTGA-TG-AAAGTGAAAGAGGAGA pSB1 CTTATGGCAGAAAGTGAAGAGAAACTAAAAAGCCTCTGTAGTGTAAATTGAAAGAGGAGA * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * observation was in homology with pSB1 contig with the bovine reverse transcriptase and ovine placental lactogen precursor genes. Although less likely the possibility of alternative splicing of the RT gene may not be ruled out. Thus, pSB1 contig shares the part homology with the reverse transcriptase gene of bovine origin and ovine placental lactogen precursor gene i.e, the same is conserved in the Bovideae family only and could possibly be used as probe in its identification.
Discussion
The pSB1 contig is rather unique since it is AT rich, which is in contrast with earlier reports where the bubaline genome has been reported to be GC rich (Szemraj et al., 1995) . Several eukaryotic transcriptional elements, such as NF-E1, Poly-A signal, lariat consensus sequences, TATA box, translational initiation sequences and CTF/NF1 binding sites were detected in pSB1 contig suggesting it to be a part of coding sequences. The same was evident since it showed signals both in somatic as well as germline tissues in case of total RNA slot-blot, Northern blot hybridization and RT-PCR amplification. Sequence further showed homology with the RT gene of bovine origin and homology with Ovis aries placental lactogen precursor gene which is in accordance with RT-PCR data exhibiting two bands. The contig also revealed distinct RT signatures at several places in addition to the presence of eukaryotic transcriptional elements and ORFs. Thus the precise role of pSB1 contig is still not clear but the data suggest that this is associated with transcribing sequences belonging to a family of genes at least conserved in the bovids and perhaps play some still unidentified regulatory roles in the bubaline and related genome. Fig. 4 . Slot-blot hybridization of pSB1 contig with bubaline derived total RNA isolated from germline and somatic tissues (A) and hybridization of the same blot with bubaline derived cloned -actin probe (B). The expression of pSB1 was also confirmed by RT-PCR using cDNA synthesized from the tissues as shown (C). Note the strong signal intensity in all the samples and two bands of about 520 and 480 bp comprising with at least two genes showing high level of sequence homology. Also note that two bands became apparent only after hybridization of the RT-PCR blot and not in ethidium bromide stained gel.
